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Abstract
In the present note the expansion of the wave function of a massles particle (with
the definite value of its helicity) over the untary irreducible representaions of the
Lorentz group (defined on the light cone) is used as for the analog of the Fourier
transformation for deriving of an equation in the relativistic configuration represen-
tation.
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The functions that realize unitary irreducible ( infinite dimentional) representations
of the Lorentz group [1, 2] have found their aplication in paricle physics for formulataion
of relativistic equations in the so called ”relativistic configurational” representation in-
troduced in [3]. The functions used in [3] compose a complete and orthonormal set on
a three dimentional mass shell hyperboloid surface (p2 = p20 − p
2 = m2) in Minkovsky
4-momenta space. They were found out in [2] and have a form:
ξ(p, r) =
(
p0 − pn
m
)
−1−irm
(1)
Here the n is a unit vector and m is the mass of a particle (in what follows we shall put
m=c=h=1). The parameter r enters the expressions for the eigenvalues of two Casimir
oprerator of Lorentz group that are (in a general case of nonzero spin partcles, i.e. for
nonzero values of ν) given by formulae:
Fˆ = 1/2MµνM
µν = ~M2 − ~N2 ===> (r2 + ν2) (2)
Gˆ = 1/4ǫµναβM
µνMαβ = ~M ~N ===> (r ∗ ν) (3)
In [3] it was shown that spin zero functions ξ(p, r) (they correspond to a case of ν = 0)
do satisfy an equation
Hˆ0ξ(~p, ~r) = 2Epξ(~p, ~r) (4)
1
where the Hamiltonian Hˆ0 has a form of finite difference operator
Hˆ0 = 2cosh(i
∂
∂r
) +
2i
r
sinh(i
∂
∂r
) +
~L2
(r)2
e−i
∂
∂r . (5)
The functions that realize the unitary irredusible representations of the Lorentz group
in a caze of non zero spin were found for a case of mass shell hyprboloid in papers [2, 4, 5].
The formulae relavant to the case of helicity basis were derived in [6]. The first attempt
to write an equation analogouse to (4) and (5) for the spin states [7] on a mass shell
hyperboloid p2 = m2 was not successfull as it was based on the functions found in [8, 9],
where some phase factors were ommitted. The form of a free Hamiltonian in a case of a
wave function for spin 1/2 state was derived latter in [10] and then extended to a case of
spin 1 states [11, 12, 13]. The inclusion of interaction in this equation was done in [14] .
Here a case of mass zero states (i.e. with the 4-momentum p belonging to the lihgt cone
p2 = p20 − p
2 = 0) would be disscussed. The expansion of the wave function over the
comlete set of the functions that realize the unitary irreducible representations on the
cone manifold has the following form [15]:
Ψ(p, σ) =
∞∫
dr
∫
dΩ(n)p−1+irδσνδ(n− np) φr,ν,n , (6)
φρ,ν,n =
1
4π
∫
d3p
|p|
p−1−irδνσδ(n− np) Ψ(p, ν) . (7)
The function
ζσν (p, r) = p
−1+irδνσδ(n− np) (8)
can be treated as the analog of the “massive” plane waves (1). Due to the presence of
the δ -functions δ(n−np) under the integrals the transformation from the momentum to
r-space has in fact a one-dimentional form. The “radilal” part of this plane wave
R(p, r) = p−1+ir (9)
obeys the following equation
Hˆ0R(p, r) = p ∗R(p, r) (10)
where the Hamiltonian has a form:
Hˆ0 = e
−i ∂
∂r . (11)
The connection of the transformation (6), (7) with that one based on the function (1)
and (which was used in [3]) can be easialy seen, for example, from the formulae of the
expansion for (−r,−ν) representation given in [15]
Ψ(p, ν) =
∞∫
dr
∫
dΩ(n)p−1+irA¯rν [1− (nnp)]
−1+irQ¯ν(n,np)φ−r,−ν,n . (12)
φ
−r,−ν,n =
1
4π
∫
d3p
|p|
p−1−irArν [1− (nnp)]
−1−irQν(n,np)Ψ(p, ν) . (13)
(14)
Here the coefficients Arν and Qν(n,np) are given as
|Arν|
2 =
1
(4π)2
(r2 + ν2) (15)
Qν(n,np) = e
−iν0(n,np)(−1)s+ν (16)
and the following relation from [15]
r
(4π)2
∫
[1− (ln)]−1+ir[1− (lk)]−1−irdΩ(l) = δ(n− k) . (17)
are usefull.
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